in rats exposed to chronz'c acceleration. Am. J. Physioi.
228(3) : 7 W-7 17. 1975.-Female rats approximately 6 mo old were chronically centrifuged for up to 30 days at 2.76 G or 3.18 G and sacrificed at intervals for body-composition study.
Both fat and the fat-free body mass (FFBM) were reduced during the 1st wk of centrifugaCon, with the fat showing considerably more variation both within and between groups.
The FFBM was reduced below control level to the same extent in rats fed commercial chow, a high-fat diet, or a high-protein diet or in rats prefasted to produce a body-mass deficit at the start of centrifugation. There were no centrifugationassociated changes in body water content. It is relatively labile in studies carried out at earth gravity. For example, in adult rats it changed in response to treadmill exercise (7), combinations of exercise and/or force-feeding (9), surgical stress (lo), and changes in the fraction of darkness in the 24-h cycle (10). However, none of these conditions altered the fat-free body mass (FFBM) .
Thus, the finding that hypergravity conditions simulated by chronic centrifugation altered FFBM and that the observed changes bore a simple mathematical relationship to G force (8) is notable by contrast and assumes considerable importance with respect to the possible regulation of body mass. Because previous studies of the body-composition effects of chronic centrifugation in rats (8) and mice (2) have been based on analyses of the carcasses of animals sacrificed terminally, one cannot determine whether the reported changes represent steady-state conditions or merely one time point in transient effects. The present study, incorporating body-composition analyses performed at intervals during the centrifugation regimen, was designed to establish the time course of changes in body fat and FFBM. We have also investigated the effects on body composition of dietary alterations in energy and protein balances both at 1 G and during centrifugation since resistance of body composition parameters to such changes in balance would be presumptive evidence of physiological regulation.
METHODS
Female Sprague-Dawley-derived rats (Simonsen Laboratories, Inc., Gilroy, Calif.) approximately 6 mo of age were received on day -10 (centrifugation initiated on day 0). On day -3 they were segregated into three mass-matched groups: one eating a chow diet ad libitum, one a high-fat diet ad libitum, and one fasting. All groups had water available ad libitum at all times. On day 0 seven randomly chosen rats of each group were sacrificed for body-composition studies. The remainder were randomly segregated into four groups-group 1: 1 .OO G, chow ad libitum, n = 20; group XX: 3.18 G, chow ad libitum, n = 20; group 111: 3.18 G, high-fat diet ad libitum, n = 17; group XV: 3.18 G, having a mass deficit due to previous fasting but returned to chow ad libitum on day 0, n = 20. The mean body mass per group may be seen in Fig. 1 In the last experiment Sprague-Dawley-derived female rats (Flow Laboratories, Dublin, Va.) ~300 g in body mass were segregated into two mass-matched groups. Group I-PF;
1.00 G, chow diet, n = 14; on each experimental day each rat was limited to the mean weight of food consumed by group I on that day in the earlier study. Group II-PF;
1 .OO G, chow diet, n = 17; on each experimental day each rat was limited to the mean weight of food consumed by group 11 on that day in the earlier study. The animals ate all the food provided on each day. This feeding arrangement is referred to as pair-feeding although groups were paired and not individuals.
On days 0, + 7, and +24 rats were sacrificed for body-composition studies. Centrifugation was continuous, 7 days/wk for 24 or 30 days except for one service stop per day of 35.9 & 5.7 (SE) min. The animal compartments holding 16 rats, 2 to a cage, were suspended in pivotal-yoke assemblies so that the resultant of gravitational and centrifugal forces was perpendicular to the cage floor. The cage floor was approximately 8.3 feet from the axis of rotation.
Each compartment was 
. 
: ---taining 7.3 kcal/g gross energy. It was composed primarily of purified components including 60 % fat and approximately 23 % protein by mass. Rats on this high-fat diet ad libitum at earth gravity ingest more calories per day and absorb a higher fraction of digestive tract contents than do those on the chow (1) In the present case group XXI was absorbing ~50 % more dietary energy per day than group I prior to the start of centrifugation.
It was hoped that this higher level of absorbed energy in group 111 rats might partly compensate for the transient reduction in food intake commonly reported in rats for the first few days of centrifugation (3). Mean live weights by groups before and during centrifugation are presented in Fig. 1 Fig. 1 , it should be noted that they followed closely the weight curves of the groups to which they were pair-fed.
On day +24 group I-PF was 67 g below I-PF and group 11 was 63 g below 1. Table  1 presents data on the quantity of body fat by groups and by sampling days; Table 2 summarizes the results of analyses of variance on both fat and the FFBM. The following responses of body fat should be noted. Comparing groups 1 and 11, differing only in level of acceleration, the difference in fat level was significant (P < 0.01 for groups), there was a progressive fall in fat content during centrifu-30 gation (P < 0.01 for days), and the progressive change in Days body fat during the period of observation was different in the two groups (P <0 .Ol for interaction are presented in Table 2 and Fig. 2 and can be summarized briefly. In all possible comparisons centrifuged groups had lower FFBMs than noncentrifuged groups. In nearly all groups the effect of days was significant, indicating the presence of continued growth. There were two significant interactions involving group 1V that merely verify statistically that the time course of change in FFBM in group IV is difierent from that of any other group (Fig. 2) . In Fig. 2A on day 30 all groups appear to be converging.
That this is a statistical accident is indicated by the 60-day values showing that the centrifugation-induced reduction of FFBM persists for at least 2 mo. Table 3 , presenting mean values for energy and protein intake, established our success in altering balance of those factors. Energy absorption in centrifuged groups ranged from 6.5 to 75.8 kcal/day per two rats, this latter value being 60 and 78 % of values for the noncentrifuged groups (I-HP and 1, respectively).
With respect to dietary protein the ingestion in centrifuged groups ranged from 0.48 to 9.96 g/day per two rats, the latter value (group II-HP) being roughly comparable with the noncentrifuged groups. Because body water expressed as a percentage of FFBM shows small interindividual variability (4) and is quite independent of various changes in regimen (5, 7-lo), we have employed it as an index of changes in gross state of hydration.
The only statistically significant change in this value was that demonstrated by comparing either group on high-protein diet with any other group, I-HP and U-LP being lower in each case. The mean & SE for the combined water data from groups 1, 11, 111, and IV (n = 98) was 73.4 A 0.8 %; for I-HP and II-HP (n = 39) it was 71.4 A 2%. By the Student t test the difference between these values is statistically significant (P < 0.001). steeper, continued drop in 111 being significantly different from that in 1 (P < 0.05 for interaction).
Group IV, starting centrifugation with a weight deficit (Fig. l) , surprisingly showed no fat deficit, its body fat content being comparable with that of group I on day 0. However, its body fat level was significantly lower than that of group 1 after centrifugation began. During the first 7 days of centrifugation it dropped lower than in any other group. The level of body fat in U-HP was lower than in I-HP. However, the effect of days did not attain statistical significance.
The values representing 60 days of exposure were not included in the statistical analysis (Table 2 ) because they were collected in an earlier study (8) and interpolation was required to obtain the value at 3.18 G. regulated" (13)+ Smith and Burton (13) concluded from calculations of centrifugation results reported for mice and rats that a similar relationship obtained in mammals. Acting on our conviction that one must separately evaluate fat and the fat-free compartment in studying body-mass regulation (6) and expanding the acceleration range studied (l-4,15 G), we found that, as has been reported in mice (Z), both fat and the FFBM participated in the reduction of mass after 60 days of centrifugation (8). In both cases the relationship of mass to acceleration was inverse and in the case of FFBM it was clearly rectilinear (8). The present study provides no evidence that quantity of body fat is regulated either at earth gravity or in the centrifuged animal. The mean value for each group appears to be determined by the details of the existing regimen (diet, G force, duration of exposure) and within each group the interindividual variability is high, the coefficient of variation (SD X loo/mean) f or each group ranging from 14 to 35 %.
By contrast with the results on body fat, we have obtained the following four lines of evidence suggesting that FFBM is physiologically regulated in rats subsisting continuously at any one level of acceleration: a) Low interindividual variation within groups. The coefficients of variation were 4-l 2 % in Table 1 and 4-8 % in the earlier study (8).
b) The failure of increased intake of energy or protein (Table  3) to raise the steady-state level of FFlBM during centrifugation.
c) The ability of centrifuged rats to approach the new lower level of FFBM from below as well as from above ( Fig. 2A) .
d) The maintenance of late growth paralleling that of a control group at earth gravity for 30 (Fig. 2) or 60 days (8).
However, the adjustment to a new level of FFBM associated with a change in level of chronic acceleration does not suggest regulation.
Indeed, the rectilinear relationship between FFBM and G force (8) strongly resembles Presser's idealized diagram for an unregulated parameter (1 I), and it suggests that there may exist a continuous spectrum of
